In this paper I will cover the main ideas and concepts behind Capital Asset Pricing Model (CAPM) and Portfolio Theory, which gave a great contribution to CAPM development. This paper is based on a presentation and will contain slides, tables, and graphs from the various resources used to create it.
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As has been already mentioned above by introducing the Portfolio Theory, investors are able to combine different securities and construct optimal portfolios. Generally those portfolios will be achieving the same expected returns but at different levels of risk. However, using the Markowitz Optimization Theory we can compute a so called 'effi ciency frontier', which can be seen from the Figure 1 . In the Figure 2 (below) one can see representation of Investment Opportunities, where 'abc' represents effi ciency frontier. The original paper developed by Markowitz assumed that all of the asset combinations are risky. If this is true, then the effi ciency frontier can be represented by parabola 'abc' in Figure 2 .
EFFICIENCY FRONTIER
Only portfolios above b, on the abc, can be taken as mean-variance effi cient. However, with the later development of James Tobin (1958) the risk-free asset changed the picture dramatically. The straightline, which goes from Rf towards T, tangency portfolio, or market portfolio, which has the highest Sharpe's ratio, represents the mean-variance effi ciency frontier with risk-free security. As the result, Tobin found that an effi cient portfolio for all investors will consist of risk-free lending or borrowing and risky market portfolio 'M'. This was a key statement of Tobin's 'Separation Theorem ' (1958) . The risk-free security is said to minimise the variance on the portfolio. That is why this change has been so vital. CAPM developed by Sharpe and Lintner is based on the later version with the risk-free security, since one of the main assumptions behind CAPM is that investors can borrow and lend unlimitedly at risk-free rate of return. However, there is another CAPM model which we will not focus in this paper, and it excludes the ability of investors to lend and borrow on the risk-free interest rate. This model was developed by Black and is often referred to as Black CAPM. The model looks at the portfolio selection based on the mean-variance criteria. It brings out very crucial aspects of price setting, by giving as a foundation assumptions that set a framework. According to the model, investors have the same mean-variance expectations which are linked to their choice of the portfolio and risky assets. It looks at the volatility and price fluctuations of specific individual portfolios and links them to the market as a whole. This connection between market and portfolio is essential when predicting expected returns on the portfolio and is represented by a correlation coefficient. Correlation is a part of the Beta of the asset; the higher the Beta of the portfolio, the higher the returns and the volatility, and that means higher risk. When a correlation coefficient is bigger than one, the portfolio will tend to outperform the market.
CAPM works only when looking at the equilibrium market. Under equilibrium markets we mean that prices constantly adjust in such a way that demand to hold each assets equals its total stock. The condition of equilibrium markets is the first assumption of CAPM.
ASSUMPTIONS
When we look at CAPM it is essential to understand the assumptions behind it correctly since a misinterpretation of them can lead to inaccurate forecasts. The model is very restricted by what is assumed to be true. The assumptions can be generally divided into 3 conditions:
Markets are Equilibrium -this concept consists of various factors. First of all, it means that markets have zero transaction costs and short sales are allowed. Both of these assumptions are surely idealised; in this case they are there to show that CAPM is more likely to give accurate forecasts when markets have less friction. Secondly, it means that an investor can borrow and lend unlimitedly at a risk-free rate of return. Thirdly, it means that investors will be able to divide their assets into units. This, as the result, gives them the ability to invest different amounts into various assets. In equilibrium markets all assets can be bought and sold at an observed market price. The price of the asset is not affected by the investor decision, since markets are assumed to be competitive. Finally, taxes are neutral. In this case it does not mean that they are equal to zero, but more importantly, they are the same for all of the investors.
Mean-Variance Portfolio Selection -this condition takes into consideration single-period time horizons. This simply means that investors when invested do not revise their choice of asset. It also means that investors are choosing their portfolios based on mean-variance criteria.
Homogeneous Beliefs -all investors have the same expectations of variance and covariance of asset returns, since as it has been mentioned above, all of the investors are basing their choice on mean-variance criteria; they all choose the same portfolio of risky assets. This portfolio later on will be mentioned as Market Portfolio or Tangency Portfolio.
STATIC CAPM
Static CAPM is the original version of CAPM developed by Sharpe and Lintner during the 1960s. Static CAPM assumes that there is an opportunity to borrow and lend unlimitedly at the risk-free interest rate.
The key objective of this model is to describe the behaviour of the investor as risk-averse. The theory assumes that since investors are risk-averse they need to be compensated for the additional risk they are taking. This compensation is represented in the model as excess return per unit of risk, which is justified as Beta of an asset. This compensation is called risk premium.
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THE THEORY BEHIND CAPM
Returning to the assumptions of CAPM, one can see that according to CAPM all investors have an equal possibility to invest into a risk-free security like a Treasury bill. In accordance to this concept, the investor can decide to invest a certain proportion of his/her wealth into risk-free security and the rest into risky assets. Since all of the investors have the same expectation of mean-variance, they are going to choose the same portfolio of risky assets, which is usually called a market portfolio. This portfolio is the same for all investors due to their homogeneous beliefs. The market portfolio is considered to be efficient since it consists of efficient portfolios.
If an investor decided to invest in risk-free securities and a Risky Market Portfolio 'M', then the standard deviation of such a portfolio will be simply the standard deviation of 'M' multiplied by its weight since the standard deviation of risk-free security is zero.
Now let us assume that Market Portfolio 'M' weight is 1 then (1-w) will be the weight of the risk-free asset. Assuming this is true, the expected return on the portfolio M would be expressed through the following equation:
This equation then can be rearranged into:
This is the equation of Capital Market Line, which we will look at later on in this paper. If we then go back to the variance of the portfolio taking equation 1, we can rearrange it into:
Substituting the following equation into equation 2 we get:
Where beta coefficient
This equation represents Security Market Line, which we will look at later in this paper. The second part of the equation represents risk premium.
With this result, this equation shows that all investors will choose the same optimal portfolio M, just with different weight invested into risk free security, depending on their risk preferences. Looking at the equation we can see that the expected returns are directly connected to the beta coefficient; the higher the beta, the higher will be the risk premium on the security/portfolio.
The most important implication of CAPM is a security market line (SML), which one can see above. SML plots the expected returns on the portfolio against its beta coeffi cient. It is another possible way of rearranging the CAPM equation after CML. The intercept is equal to the risk-free rate of interest and the slope to the excess returns on the portfolio, represented by expected market returns minus risk-free rate of return.
CAPM predicts that all assets (effi cient and ineffi cient) will lie on the SML. Due to this, the total risk is represented by a beta coeffi cient. This is one of the most widely used practical applications of CAPM. The model predicts that if one plots the average rate of return on a portfolio/asset against its beta, the results will give the SML.
SECURITY MARkET LINE -SML
CAPITAL MARkET LINE -CML
As has been already mentioned in this paper, CAPM predicts that all investors will choose the same risky portfolio 'M', just with different proportions invested in risk-free assets. The choice of wealth invested into risk-free securities will mostly depend on the risk attitudes of the investor. CML is a straight line going from a risk-free rate of return towards the effi ciency frontier abc and forms a tangent to portfolio 'T' (also called the market portfolio). What is essential to mention here is that according to CAPM, all of the effi cient portfolios will be located along the CML. Since CML allocates only effi cient portfolios, the total risk is represented by standard deviation. CML is a method of identifying expected rates of return on effi cient portfolios; if a portfolio does not lie on the CML, it means that it is either overpriced or underpriced. To summarise everything mentioned about CAPM assumptions and concepts behind it, let us look at the key predictions. There are five key predictions CAPM makes:
1. The intercept 'a' (also called alpha) of the asset should be equal to zero. If alpha is bigger than zero, the CAPM model is missing some variable or other factors to fully explain portfolio excess returns.
2.
The beta of an asset, or portfolio, is supposed to be the only explanation of the rate of return on the risky portfolio. The slope of beta should be positive. It also should not have big difference with the risk premium and the average market risk premium.
3. There should be a linear relationship between the beta of the stock, or average portfolio risk, and the average market risk premium.
4.
After some time, the market returns or Rm should exceed risk-free rate of return, since market portfolio is riskier than risk-free asset.
5.
Explanatory variables like dividend yields, form size, etc., should not prove to be statistically significant to forecast the required rate of return.
EMPIRICAL TESTING
Due to the complicated nature of CAPM, there have been a lot of arguments 'for' and 'against' the model. In the past 40 years, CAPM has been tested by using different tools and approaches. Generally all empirical tests can be divided into two categories: earlier tests, which were focused more on risk premium testing, tests on beta coefficients, and their relationship with returns, and recent tests, which started in the late 1970s and were mainly looking at irrational pricing and proxy problems. There were a lot of scientists such as Fama and French (1992) , Jensen and Scholes (1972), Blume and Friend (1973) , and many more who researched CAPM implementation and presented concerns towards some of the predictions and assumptions of the model.
The reason for all of these debates to my point of view is the complexity of variables composing CAPM. A good example of such is the estimate of the beta coefficient. It is also worth saying that a lot of times the results of the testing have measurement errors and statistical weaknesses, or proxies are chosen wrongly.
There has been some research which is particularly important for our case study. In 1970 Friend and Blume conducted their research on CAPM trying to improve beta estimates for individual securities, then later in 1972, Black, Jensen, and Scholes focused on portfolios. The studies found that beta estimates are more precise on diversified portfolios then on individual securities. That is why later on in this paper, when looking at the Greek Stock Exchange, we will use portfolios instead of individual securities.
Even though generally CAPM proved to hold, the studies done identified weaknesses of CAPM, and it is worth mentioning them. There are 3 key contradictions against the CAPM model:
The estimated intercept 'a' or alpha is different than zero. This contradicts Prediction 1. The first research which has found that was conducted by Lintner (1965) and Douglas (1968) . In 1972, Blank, Jensen, and Scholes tested CAPM by applying regression analysis; they have subsequently proved that intercept is greater than zero, but also that it changes over time.
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The estimated slope 'b' when positive, tends to be less than the difference between average market returns and the risk-free rate of return. In contradiction to Prediction 2. The Beta coefficient is not the only explanatory variable being important when looking at portfolio returns. Contradiction to Prediction 5. Lintner 1965) and Douglas (1968) found in their research that residual risk has an impact on the expected reruns.
Most of the research acknowledges:
In this paper we will discover some of these findings in a case study of the Greek Stock Exchange. This part of the paper is based on the article published in 2006 by the University of Macedonia in Economics.
GREEk STOCk EXCHANGE
The study focused specifically on the Athens Stock Exchange Market during the period of January 1998 to December 2002. This time period has been chosen due to high returns volatility, which helps to test CAPM prediction better. The sample consists out of 100 companies, which constitute the following indices:
• FTSE/ASE 20 -it is a large cap index containing the 20 largest companies which are also called blue chip companies. • FTSE/ASE Mid 40 -mid cap index stand for performance of another 40 companies.
• FTSE/ASE Small Cap-this index captures the performance of the next 80 companies.
Each of the series consists of 260 observations of weekly closing prices. Those are the sum of prices at which the stock exchange market is closing the day trading. All of the stocks were chosen according to their trading value to avoid stocks, which are not traded regularly. All of the data has been taken from the MetaStock Data Base, which proves their reliability. The reason why the data has been collected weekly and not monthly or daily was to prevent 'noisy data'. Monthly estimates could result in beta coefficient changes during the set period, whereas daily data could be too noisy to cover.
All stocks were adjusted to dividends, to make a data set fitting the assumptions of CAPM. The ASE Composite Share Index has been used as a proxy for market portfolio and the 3-month Treasury Bill has been chosen for risk-free asset representation. What is crucial to highlight here is that it is better to choose the 3-month treasury bill instead of other maturity periods since it is taken as a benchmark, which reflects market changes better.
• That there is a linear relationship between the risk on the portfolio or the beta coefficient and its expected returns. • There is also compliance with the condition that in the long run the expected market portfolio returns tend to exceed the risk-free rate of interest. Prediction 3 and 4.
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METHODOLOGY Due to the complexity of the model, the methodology will be divided into 5 steps, each of those will focus on testing of specific predictions of CAPM. Some of the steps are interconnected so it is important to highlight the relationship between the variables in use.
The first step in the investigation of the practicality of CAPM is to estimate the beta of the stocks used in the study. To do this we need to regress each of the stock's weekly returns against the market index, which in our case is represented by the ASE Composite Share Index. The equation below shows the mathematical representation of the above mentioned: The results here are given in ascending order with the highest beta coefficient of 1.43 is for the ALTEK stock and the lowest of 0.098 for the stock OLYMP. The next step will be calculating the average excess returns by using equation 2 below:
equation 2
Where: k -The number of the stocks included in each portfolio, in our case from 1-10 r it -The excess returns on stocks that form each of the portfolios based of K stock r pt -The excess returns on the portfolio p, which in our case is from 1-10.
By substituting the results from equation 1 into equation 2, we get the results for average excess returns, which then will be used to form 10 equally weighted portfolios. By forming 10 equal portfolios we are able to spread the beta as much as possible, like this the connection between the beta and the results is clearer. It is also important to acknowledge that by diversifying, we are able to remove most of the specific risk that also helps us to see with the highest precision the effect of beta on the expected returns. To build 10 equally weighted portfolios, we are going to use equation 3 below:
equation 3
Where: r pt -Is average excess returns on the portfolio β p -Is the beta coefficient of the portfolio. By substituting the results from the equation 2 into the equation 3 we are able to get the results shown in Table 2 . Table 2 shows the beta coefficients for 10 portfolios, their returns, variance error, and standard deviation of the regression. From the table one can see that the results contradict the prediction of CAPM which says that the higher the beta, the higher the returns. Table 2 clearly shows that the return on the portfolio j10 with the highest beta coefficient is lower than of the portfolio a10 with the lowest beta coefficient. It is also true that the returns on the higher beta coefficients are negative. What is also worth mentioning here is the average risk-free rate of return, which is 0.0014 and the return on the risk market portfolio, which is 0.0001. In this case, we can see that the returns on the riskfree security would be the same as on the portfolio a10, which has the highest returns. The next step is to estimate the SML by taking the average excess returns on the portfolios and regressing them against the betas of the portfolios. This step is done on the ex-post bases, which means that we are building our forecasts on historical data. The equation showing this relationship is given below:
The beta coefficient of the portfolio is taken from equation 3. To test if the predictions of CAPM in regards to SML hold, we need to add additional variables: γ 1 -The market price of risk or in other words the risk premium γ 0 -The expected return on the zero-beta asset/portfolio, or the intercept e p -The random disturbance error in the regression analysis.
The results of equation 4 can be seen in Table 3 . To test if CAPM holds, we need to see if the intercept of the SML is zero. In our case, the intercept is represented by γ 0 . Looking at the table we can see that the γ 0 is not exactly zero, but is not much more significant in a statistical point of view. It is also true that the correlation coefficient between γ 0 (the intercept) and γ 1 (the slope) is high 0.98, which shows that CAPM explains the excess returns.
From the results of equation 4, we can see that by examining SML we cannot reject CAPM. Another prediction of the CAPM is that the slope of SML will be equal to the excess returns on the market portfolio; however one can see that if we take the excess returns on the market portfolio 0.0001 from Table 2 and compare them to the results of the slope γ 1 -0.0011 in Table 3 , they are quite different.
The next step will be testing the prediction 3 of the CAPM hypothesis. The third prediction talks about the linear relationship between the portfolio returns and the beta coefficient. To do that we regress them and also add an extra variable which is beta coefficient squared. The described steps can be seen in equation 5 below: 
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The results from this equation can be seen in Table 4 below.
From this table we can make the following conclusions: the intercept is still bigger than 0, even though still statistically not significant. It is also true that it has been greater than the risk-free interest rate of 0.0014. These results show a contradiction with the CAPM assumption that SML goes from the risk-free interest rate. The slope of the SML is negative and different from zero. The coefficient γ 2 is very small and statistically different from zero, which means that a CAPM assumption regarding linear relationship holds. The standard error is small, which means that the results are statistically reliable.
A further step is to examine prediction 5 of the model, which states that no other variables different than beta explain the expected returns on portfolios. To test this hypothesis we add another variable 'residual risk', or in simple words, an unknown risk. In finance this risk is most of the times referred to as unsystematic or company/asset specific risk. To do this, equation 5 has been improved by adding two additional variables. Where: RV p -Is the residual variance of the portfolio returns γ 3 -Stands for residual risk, according to the CAPM assumptions this should be equal to zero. The rest of the variables stayed the same as in the equation 5.
The results from equation 6 can be seen in Table 5 below. Since CAPM states that no other variables than beta can explain the excess returns on the portfolio, the coefficient γ 3 should be equal to zero. In Table 5 we can see that it is very small and statistically not significant from zero. From this one can conclude that the CAPM assumption holds. The residual standards error is also very small. The T-value which measures how many standard errors the coefficient is away from zero is less than 2. CONCLUSIONS CAPM has been a great development in the world of finance. It is widely used by different market participants, to determine not only the future returns on securities, but the risk associated with that security/ asset. The idea behind the model was built on that of Portfolio Theory developed by Markowitz and afterwards improved by James Tobin. Portfolio theory has been a crucial development and the concepts it brought into the pricing of securities and management of the returns are essential for the optimisation of resources. Diversification allowed investors to spread the risk and to find the best optimal portfolio for their risk preferences.
CAPM goes beyond this notion and develops it even more. Now we are not only looking at the portfolio/ asset expected returns individually, but we are linking them to the overall market condition and fluctuations. By correlating them, we predict how the portfolio will react to certain market conditions. To do this CAPM introduces a beta coefficient. Beta of the stock not only shows it riskiness, but also predicts its returns since risk-premium is a giver per unit, of beta or risk. From this, one of the most important CAPM predictions is built; the higher the beta coefficient the higher are the expected returns.
In the case study of the Greek Stock Exchange we could see that this prediction did not work on this specific market. The results of the research done by the University of Macedonia and published in the International Research Journal of Economics in 2006 have shown the following:
• The result of the study of ASE contradicts the CAPM assumption that the higher the beta coefficient the higher the returns (Table 1 ). • The results received from the Table 2 and 3 show that the model explains the excess returns.
• CAPM predicts that the value of the intercept should be zero and the slope of SML should be equal to the excess returns of the market portfolio (risk premium) the findings of this case study contradict this hypothesis (Table 3 ). • The test for non-linearity has shown that there is a linear relationship between the average excess returns on the portfolio and its beta coefficient (Table 4 ). • Finally, according to the results from Equation 6, beta is the only explanatory variable for portfolio excess returns and residual risk has no effect on the expected return.
The case study of the Athens Stock Exchange has shown some evidence against CAPM; however, it does not mean that the data completely rejects the model. The following result has measurement errors that might have occurred due to the proxies the case study took as its foundations. This is very crucial to understand since most of the empirical tests are very dependent on the proxies they take as given variables of the model. The results of such empirical tests can have much debate on relevance. Due to all of these factors, most of the finance professionals still use CAPM as one of the tools, by combining it with other methods.
The model is still taken as one of the most accurate and reliable tools. 
